Introduction

51
Hydrocolloid gel particles, for example, alginate (ALG) microspheres have found great 
60
ALG can form gels in the presence of divalent cations such as calcium due to the interchain 61 binding between G blocks which give rise to a three-dimensional network calcium linked 62 junctions known as "egg box model" [11] .
63
The production of ALG microspheres has traditionally been achieved by extruding an 64 ALG solution from a needle into a divalent cationic solution to induce gelation [12, 13] . This 65 relatively mild gelation process has enabled the retention of full biological activity of 66 proteins, DNA and cells [2] . This method, unfortunately, lacks control over its particle size 67 and size distribution. The resulting particles might simply be too large or polydisperse to be 68 deemed efficacious for some practical applications. Reductions in particle size are of critical 69 importance because the physical properties of the gel particles such as their mechanical 70 strength, dispersion and mass transfer can be improved vastly while minimizing the rupture 71 of beads due to gas formation and accumulation [5, 12] . Also, smaller and uniform 72 microcapsules offer more consistent mechanical properties and the diffusion of oxygen and 73 nutrients into all area of gel can be better facilitated [13] . 
Formation of uniformly-sized ALG microspheres
114
The preparation of ALG microspheres was based on the modified method of Wan et al.
115
[29]. The formation of uniformly-sized ALG microspheres involved two separate steps: (1) 
228
The surfactant used in our experiment, Span 85, has an HLB value of 1.8 and was found to be (Table 1 ). The flow rates of the 261 dispersed and continuous phases were controlled at 0.05 mL/h and 5 mL/h respectively.
262
When the ALG concentration was increased, the d av and the CV of the emulsion droplets 263 decreased from ca. 22 m to 18 m and 26% to 5% respectively (Fig. 3a) . These results 264 correlated well with its particle size distribution which became narrower as the ALG which occurred at the interface between two liquids under a favorable condition.
303
In order to confirm this phenomenon, the following experiment was carried out to wt% was more than sufficient to induce SE especially at low ALG concentration.
321
Nevertheless, at higher ALG concentration, for example 2.0 wt%, while keeping the the drop surface appeared to be smooth throughout the duration of the experiment ( Fig.   324 4b(ii)), a result which was similar to the observation during MC emulsification. 
338
Though the presence of salt in one way will aid in the inhibition of SE, their presence 339 will also result in an ALG gel structure which is physically unstable and weak such as when 340 the anti-gelling cation of sodium and magnesium ions or chelating agents are used [7] .
341
Considering all these factors, the most strategic resolution would be to produce the emulsion 342 using a higher ALG concentration to avoid the incorporation of salt in the aqueous phase.
343
Moreover, ALG particles made from high viscosity ALG solutions will impart the gel 344 structure which is mechanically and physically more superior due to an increase in the 
374
In fact, droplet productivity at these flow rates can be expressed by the following simple 375 linear equation:
where f is the droplet productivity (number of droplets/h) and Q d is the flow rate of alginate 378 solution (mL/h). In contrast, above these flow rates, the rate of increment in their droplet 379 productivity was less pronounced due to the formation of droplets with larger volume marked 380 by higher flow rates. (Fig. 6a(i) ) to ca. 6.2 μm of ALG microspheres 387 after gelation (Fig. 6a(iv) ) was observed. The ALG microspheres obtained appeared to be 388 highly spherical and uniform in size with no visible imperfections or irregularities at a CV of 389 below 10%. The decrease in particle size was supported by the particle size distribution 390 which showed a shift of its size distribution from the upper size range to the lower size range 391 (Fig. 6b) .
392
The addition of the right blend of a lipophilic surfactant (i.e Span 85) and a hydrophilic (Fig. 6a(ii) ). However when Tween 85 was incorporated into the system at a 406 concentration ratio of 0.5, the aggregation appeared to be less pronounced ( Fig. 6a(iii) ).
407
Nevertheless, in both cases, it was difficult to disperse the aggregated droplets by water bath 408 sonication. At a higher Tween 85 to Span 85 concentration ratio of 1.0 (equivalent to higher
409
HLB value), the microspheres obtained were dispersed as discrete spherical particles ( Fig.   410 6a(iv)). In the event of some slight flocculations, we were able to separate these flocs into 411 discrete particles by subjecting the particles to sonication while maintaining its uniformity. unless the above mentioned equilibrium process is reached before the cross-linking process.
441
Otherwise, the diffusion of the ALG phase would only stopped when it reached a stage in 442 which the gel particles became condensed and finally hardened. Therefore, the relative 443 solvency of the two liquids plays an important role in determining the rate of diffusion. This 444 competing kinetics would have been one of the determining factors affecting its particle size.
445
In addition, an increase in the Ca 2+ content has also been widely known to cause greater 
Conclusions 455
Uniformly-sized ALG microspheres were successfully fabricated using the combined 
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Sustained release of a low molecular drug from chitosan treated alginate beads, J. 
